was used as the reference gene. Primer efficiency (E), defined as 2 -(1/slope) , was calculated from log 2 cDNA concentration vs. Ct value plot slopes of serially-diluted (1:5 dilution) cDNA samples across treatment groups (Yuan et al., 2006) for both target and reference genes.
Growth of Plants
Transgenic seeds were germinated in the presence of Hygromycin B (40 U/mL), plants were grown in a 50:50 mix of SunGro Rediearth and MetroMix 510 soil in 4 inch pots at a density of 5 plants per pot (unless otherwise indicated) in growth chambers (20 h light:4 h dark photoperiod, 22 °C, 50% humidity), and allowed to senesce and dry completely before harvesting.
Control plants for all experiments were either non-transformed wild-type Bd21-3 (WT) or empty pWBvec8 vector control (CTL) plants grown alongside the transgenics under identical conditions.
For caterpillar herbivory treatments, T 4 seeds from homozygous T3 BdPAL RNAi1-1 parents were germinated on non-selective media before planting in soil. Pre-flowering plants were transferred to a plant growth facility in Peoria, IL. In Peoria, plants were held in growth chambers at 25 + 1 °C., 50 + 10% relative humidity, and a 14:10 light dark photoperiod, as described previously (Dowd and Lagrimini, 1997) . Plants for UV light sensitivity were planted at a density of one plant per 4" pot and exposed 21 days after planting to UV light for 4 h, approximately 5" from the light source.
Plants were rotated every hour. Plants for the drought tolerance assay were grown at a density of four plants per 4" pot with two each of CTL and BdPAL1 RNAi plants on the diagonal in each pot.
To ensure equal amounts of soil mix went into each pot, dry soil was weighed and mixed with water for each pot before planting. Soil moisture was measured using a FieldScout TDR100 soil moisture meter (Spectrum Technologies, Inc.).
RNA-seq and gene set enrichment analyses
Aliquots of the RNA prepared for qRT-PCR were used for RNA-seq analysis. Poly(A) RNA and libraries were quality-checked using a 2100 Bioanalyzer (Agilent Technologies) before 2x100bp
sequencing with an Illumina HiSeq2000 instrument. The gene expression data was computed using the CLC Genomics Workbench version 6.5. Reads were trimmed and filtered on quality with the Trim Sequences algorithm (Limit: 0.05, Maximum ambiguities: 2). RPKM was generated by aligning ESTs to Gene annotations using the RNA-Seq Analysis algorithm for annotated sequence.
(Parameters: Similarity 0.8; Length fraction 0.9). Genome sequence and annotations were downloaded from NCBI (http://www.ncbi.nlm.nih.gov/bioproject/PRJNA74771). Genome sequence, annotation, and expression data were stored in an Oracle relational database and displayed using a custom web application.
Gene set enrichment analysis was done using the GAGE package from Bioconductor (R Core Team, 2014; Gentleman et al., 2004; Luo et al., 2009) . Unique count data were normalized by dividing by size factors computed using the 'estimateSizeFactorsForMatrix' function from the DESeq2 package (Anders and Huber, 2010) and taking a log transform as recommended in the gage vignette. Classification of B. distachyon genes into sets was obtained from the MapMan resource (Thimm et al., 2004) . Enrichment analysis was done separately for each of the top 4 levels of the MapMan classification. Both directional and non-directional tests were performed. If a gene set was detected by both tests, it was reported as "up" or "down" according to the directional test. The sets detected by non-directional test only were reported as "bidirectional".
A separate enrichment analysis was done on a small gene set of known lignin biosynthesis genes defined in house. Enrichment for genes that pass unadjusted DESeq p-value threshold of 0.05 and fold change of 1.3 was determined using odds ratio and Fisher exact test, using R function 'fisher.test'.
Pretreatment, saccharification, and sugar quantification (Digestibility assay)
Senesced, ground culm plus leaf sheath biomass from BdPAL RNAi, WT, or empty vector control plants was subjected first to a suite of pretreatments, and then to partial hydrolytic enzyme saccharification, followed by colorimetric glucose and pentose quantification (Santoro et al., 2010) .
Briefly, each biomass sample was automatically ground, weighed, and dispensed in triplicate by a custom-designed robot known as iWALL (Santoro et al., 2010, Labman Automation Ltd, UK) . 750 µL of the various pretreatment solutions were added and incubated at 90°C for 3 hr (except for the "grinding alone" samples, which were incubated in 25°C water for 3 hr), then cooled and neutralized. For hydrolytic enzyme digestion, 50 µL of 30 mM citrate buffer (pH 5.0) containing 0.25 µL Accellerase 1000 (Genencor) in a final volume of 0.8 mL was incubated at 50°C for 20 hours with end-over-end rotation. Solids were removed by centrifugation, then the supernatants assayed for glucose content using the glucose oxidase/peroxidase (GOPOD) method (K-GLUC, Megazyme) with assay volumes reduced to 4 µL of the digestion reaction supernatant and 64 µL of the GOPOD reagent in 384-well microtiter plate. Total pentose was determined as described by Deschatelets and Yu (1986) with assay volumes of 12 µL sample and 56 µL p-bromoaniline in thiourea in 384-well microtiter plates. The samples were incubated at room temperature for 70 min, then the absorbance taken at 520 nm. Subsequently, the samples were heated to 100°C for 10 min, incubated at room temperature for 70 min, and the absorbance taken again at 520 nm.
Determination of Free Glucose, Sucrose, and Starch
Stem biomass samples were ground and dispensed as for digestibility samples. For free glucose determination, chemical pretreatment was replaced with distilled water. Samples were treated as above for glucose content determination with a digestion cocktail without Accellerase 1000, and assayed for glucose content using the GOPOD method described above. For sucrose determination, samples were pretreated with 6.25 mM NaOH, heated and cooled as above, then Figure S1 . Neighbour--joining relatedness tree of known and predicted PAL proteins. Bd = Brachypodium distachyon (marked by arrows); At = Arabidopsis thaliana (Huang et al., 2010) ; GRMZM = Zea mays; Sb = Sorghum bicolor; Os = Oryza sa�va (Giber� et al., 2012) ; Bo = Bambusa oldhamii (Hsieh et al., 2010 (Hsieh et al., , 2011 
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T GC T GC T GA GGC GT T T A A GA T T GC CGG CA T CCA T GG T GG CT T CT T CGA GC T GC A GC C CA A GGA A GG T CT T GC CA T GGT GA A T GG CA C A GC T GT GGG CT C T GGT C 315 Bradi3g49280
T GC CGC T GA GGC GT T T A A GCT A GC T GG CA T CCA T GG CGG CT T CT T CGA GCT GCA GCC CA A A GA A GG T CT T GC CA T GGT GA A T GG CA C A GC T GT GGG CT C T GGT C 315 Bradi3g48840
T GC CGC T GA GGC GT T CA A GA T A GC CGG CA T CCA T GG T GG CT T CT T CGA GC T GC A GC C CA A GGA A GG T CT T GC A A T GGT A A A CGG CA C GGC CGT GGG T T C T GGC C 315 Bradi3g47110
T GC CGC T GA GGC GT T CA A GA T A GC CGG CA T CCA T GG T GG CT T CT T CGA GCT GCA GCC CA A GGA A GG T CT T GC A A T GGT A A A CGG CA C GGC CGT GGG T T C T GGC C 315 Bradi3g47120
A Arrows delineate the time points at which 50% of spikelets could be seen emerging from the leaf whorl. The bracket delineates time points for which mutant average culm heights were significantly different from CTL (Student's t-test, p < 0.05). Bars represent SD. BdPAL RNAi1-3 (B) and RNAi1-1 (D) plants, at times, developed blackened spots or zones at the leaf collars (arrow), which may be due to fungal infections. CTL plants (C, E) never developed these phenotypes under the same growth chamber conditions. 34 (B) , and 36 (C) days after planting (DAP). Watering was stopped on day 16, and the first signs of drought stress (leaf curling) were visible on day 33. (E) Leaf rolling as a response to drought was quantified using a derived variable "Leaf rolling index" for each pot. The leaf rolling index was calculated as [(number rolled leaves by genotype + 1) / (total number leaves by genotype + 1)] / [(number WT empty vector control rolled leaves + 1) / (total number WT empty vector leaves + 1)]. The leaf rolling index means were compared using Student's T-test. A Bonferroni correction was applied to control for Type I error (αʹ = 0.0018). No significant differences were observed between each mutant line and WT at each time point. Error bars are SD.
CGC CGC GGA GGC T T T T A A GA T CGC CGG CA T CCA GC A T GG CT T CT T CGA GCT GCA GCC CA A GGA A GG CCT T GC CA T GGT GA A CGG CA C GGC GGT GGG CT C CGGG C 315 Bradi5g15830 T T GC GT C GA C T GT GCT CT T T GA GGC A A A CA T T CT T GC T GT CCT X GC X GA GGT T A T T T C T GC CGT GT T CT G CGA GGT
Leaf and culm growth time courses
